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Abstract. The BELLE detector has already accumulated e + e~ collision data at the KEKB-collider corresponding to 600 
fb . BaBar has accumulated data of approximately 390 fb~ l at PEP-II. Both are running on asymmetric energy e + e~ 
colliders at the T(45) energy. The paper selects important results from both experiments with the emphasis on CP violation in 
B meson decays and its implications for the Unitarity Triangle. 
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1. INTRODUCTION 

An irreducible complex phase in the weak interaction quark-mixing(CKM) matrix of the Standard Model(SM) 
describes CP violation(|Q]]). The constraint between first and third generation is given by the equation V ul jV* b +V cc iV* b + 
VtdVX = 0. This equation can be visualized in the form of the "Unitary triangle" in the complex plane and we label 
the three angles of this unitary triangle as 0i , (fe and 03.0B-factories using T(45) — > B° —B° production measure CP 
violation arising from the interference between B° — B° mixing and decay. 



2. 0i (J8) MEASUREMENT 
2.1 Time dependent asymmetry 

If both B° and B° decay to a common CP eigenstate "fcp", we can define the time dependent CP asymmtry Acp(t) 

as 

A CP (t ) = r (g0^y^) +r ( fi o^y^) = SfcpSinAmt +A fcp cosAmt ( 1 ) 

where F(B Q \(B°) — > fcp) is the decay rate for a B°\(B°) to decay to fcp at a proper time t after T (45) -production while 
Am is the mass difference between the two B° mass eigenstates. 



2.2 b — > ccs decay 

This quark transition is the best place to measure 0i because of its small theoretical uncertainty. The CP-violation 
parameters are S^ccs — —<^sin2§\ with ^ the CP-eigenvalue of the final states, and A^ccs — 0. The "golden channel" 
B — » J/y/K gives the best results for <p\ because of the good signal-to-noise ratio. From 386MBB events BELLE [2] 
has selected 5,264 B — > J /yK s and 4792 B — * J/\j/K L candidates. The updated result 
S J/vK o = 0.652 ± 0.039(sf at ) ± 0.020(syst ) 
A J/vK o = 0m0±0.026{stat)±0.036(syst) 

BABAR Jit] has started with 227M BB events and selected 7730 events in both modes. This updated result is now 



01 = ]S > 02 = 0! and 03 = y in a different convention 
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FIGURE 1. Measurement of Sj/yga from BELLE (left, center) and BABAR (right). Upper part: proper time distribution At 
and lower part: raw asymmetry for (left) B — > J/xffKs and (right) B — > J / iffKi for BELLE. For BABAR the two upper plots show 
B — > J/\f/Ks, while the two lower plots show B — > J /yKi 

sinlfi = 0.722 ± 0.040(s?a/) ± 0.023(sys/). The direct CP-violation is Aj^^ is consistent with 0. Fig. Q] shows 
proper time distributions and raw asymmetries for both B — > J/y/K^ and B — > 7 / l//^ measured in both experiments. 
The different sign of raw asymmetries stems from the different CP-eigenvalues of and Ki. 

2.3 Resolving the 0i ambiguity 

Although the CP violating parameter 0i can be measured with relatively high precision there remains still a four- 
fold ambiguity for 01. The Standard Model predicts a positive value of cos2(j>i, and BELLE [4] has obtained the best 

result with a time dependent Dalitz analysis of the neutral D meson in the channel B — ► D^p7C (r{ f ©), with the Dcp 

decaying to Ksit + n~ Using 386M BB events BELLE obtained 

«n20! = 0.78 ±0.44(jfaf) ±Q.22{syst) and cos2^ = +1.871^(^)1^^) 

The negative cos2§\ solution is disfavoured with 2a significance. BABAR Q5[] has used a different channel and gets 
cos2/3 = +2.72^0 79(^0 ±0.27(sysf) thus supporting this solution of <j)\ (j3) 



2.4 b — > ^<?5 decay modes and the influence of penguins 

In the SM final states from b — > sss or — > transitions offer an independent test by comparing the CP-violating 
parameters in loop processes with those from tree-dominated ones. These decays are dominated by gluonic penguin 
amplitudes, but "new" non-SM physics could contribute to loop amplitudes and affect time-dependent asymmetries. 
Therefore Sj,-^ = {sin2^ e /^) may deviate from its "nominal" value. One prominent pure penguin mode is B° — > <PK° 
which is shown in fig. [2] BELLE has combined all b — > qqs decay modes for 386M BB events and obtained 
sin2f/ f = 0.652 ± 0.039(stat ) ± 0.020(sys?) 

With the current statistics fig. |2f right) a compilation from HFAG [6] shows no significant deviation from the "nominal" 
value and therefore more statistics is needed to settle this question. 
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FIGURE 2. Left: Measurement of S$ K u from BELLE(|2]: Upper part: proper time distribution At and lower part: raw asymmetry. 
Right: Summary of measurements of CP-violating parameters S in the b — » qqs modes |6]. No significant deviations from 
Sb^ccs = sin2$i is observed 



3. 02 (a) MEASUREMENT 

3.1 B -> K + K~ 

Similar as for (j>\, the angle 02 is determined by measuring the time dependent CP-asymmetries in the b — > u 
transition. The time dependent CP-analysis has been done for B° — > n + n~ in both experiments. BELLE [7] gets 
for 666±43 signal candidates from 275M BB events: 

S K+n - = -0.67 ±0.16(sfaf)±0.06(sysf) and A^- = 0.56±0.12(sfaf) ±0.06(syst) 

while BABAR [8] obtained from 227M BB events 467±33 signal candidates: 

S K+n - = -0.30 ±0.11 (stat) ±0.03{syst) <mAA n+7l - = +0.09 ±0.15 (stat) ±0.04(*ys*) 

as can be seen in fig. [3] There is still a discrepancy not resolved between the two measurements; especially BELLE 
claims a direct CP-violation (A ^ 0) with more than 4 cr significance, while BABAR sees none. The appearance of 
direct CP-violation is a hint, that the contribution from b — > d penguin diagrams cannot be ignored, and therefore 
sin2(p2 as measured in S K + K - is different from its ideal value. 



3.2 p+p- 

The decay B° — > p + p~ is also sensitive to this angle <f>2, but it is more complicated as the final state is not a CP- 
ejjjenstate: it decays via P — > VV. Fortunately, the longitudinal polarization is found nearly 100 %, as found by BELLE 

ft = 0.94lj£jgJ(jtaf) ±0.030(jyjf) 

and therefore this final state should be a CP-eigenstate since longitudinal polarization dominates. BELLE obtains from 
275M BB events the following values for 

S p+p - = 0.08 ± 0Al(stat) ± 0.09{syst) and A p+p - = 0.00 ± 030 (stat) ± 0.09(syst ) 

while BABAR has measured the following values (see fig. B): / L = 0.978 ±0.014(sfaf)+<}°|j 1 (s;ysf) 

S p + p - = -0.33±0.24(sfaf)+^(sysf) andA p+p - = 0.03 ±0.18 (stat) ±0.09 (sysf) 

using 232M BB events. Both experiments use these results for a measurement of 02(of), i.e. 

BELLE : 2 = (88 ± Yl)[deg] and BABAR : a = (100 ± \3)]deg]. The combined value from both B -> fc+tf - and 
B — » p + p~ measurements is given in table Q] as compiled by Ja] and llllll . 
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FIGURE 3. Measurement of Sjt+jj- : Upper part: proper time distribution At for q-+l (B°-tag) and q— 1 (B (, -tag) for BELLE 
(left) and BABAR (right). The lower part shows the raw asymmetries for both experiments, (for BELLE divided according to the 
purity r of the tagged sample) 




4. <fo (y) MEASUREMENT 

The method with the best results obtained so far uses a Dalitz plot analysis of KsK + K~ decay of the neutral D from 
the B ± -> process. With the assumption of no CP-asymmetry between neutral D mesons, we can describe the 
amplitudes M + | (M_ ) as a function of Dalitz plot variables: 

B+ -> [K s n + n-]K+ : M+ = f(m\,m 2 ) + re i ^ +S "> f{m 2 _,m\) 
B -> [K s 7t + 7i;-}K- \ M_ = f(m 2 _,m 2 + ) + re^-^^ f{m 2 +1 m 2 _) 

where m + \(mJ) is the invariant mass of K$ with n + \(n~), 8 is the strong phase, while fa is the weak phase to be 
fitted, r is the ratio of the color suppressed and allowed decays, and the amplitudes /(m^_,m_) and f{m 2 _,n^ + ) were 
obtained from an independent D° sample of D* + -» D°7Z + . Using 386M events we got 331 ± 17 B + — > DK + ,8l ± 8 
B+ -> D*K+ and 54 ± 8 B+ -> candidates. Combining all modes BELLE HI obtained 

</> 3 = (53;}g(rfaf)±3(^f)± 9 ( morfe 0)[^] 

where the model error reflects the uncertainty in the D-meson decay /(m 2 _,m+). 
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FIGURE 5. BELLE: Fit Results in the two projections AE and Mj, c for B — » (p,0))y. Curves show signal (dashed), continuum 
(dotted), S — + A'* 7 (dot-dashed), background (dot-dot-dashed) and the total fit result (solid) 



5. OTHER CONSTRAINTS ON THE UNITARITY TRIANGLE 

It is not only important to look at the angles of the Unitarity triangle, but there is also much interest in determining 
its side lengths. The two most difficult are \V tc i\ and \V u b\, i.e. transitions from third to first generation, as these are 
obviously very rare decays with a small branching ratio. 



5.1 IVfd/VtsI measured with the FCNC process b — > dy 

Starting with 386M BB events, BELLE lfl3ll has measured a branching fraction of Br(B — > (p,G))y) = 
(1.32+Q3j(rfflf)too9(^f)) J(: l 0_6 witn 5 -l a significance (systematic included) with the fit of fig [5] 
The ratio Br(B — » (p, Co)y)/Br(B — > K*y) is proportional to (V^/V^l 2 with a kinematical factor and an SU(3) correc- 
tion, and we deduce: 

\V td /V ts \ =QA99t^{exp)t°Zl{theo). 

Recently this quantity has also been measured by CDF 11411 by directly determining the oscillation amplitude Am s 
from B s Z? 4 -mixing, and they get the improved result: \V tc i /V ts \ = 0.208+qqq2 ( ex f)lo 006 ( ? ' leo )' consistent with BELLE. 



5.2 \Vub\ from the purely leptonic decay B — > tv t 

\V„b\ is traditionally measured via its semileptonic decays b — > utv but this includes the knowledge of its form 
factor, which is difficult to obtain experimentally. Therefore BELLE has aimed to obtain this branching ratio with 
the advantage of a model independent measurement. BELLE [15] started with 447M B meson pairs and used only 
events where one side was fully reconstructed, i.e. the tag side {B tag ), and compared properties of the remaining 
particles, i.e. the signal side (B S i g ), if this decays into T and neutrino, using the expectations from MC for signal and 
background. The T meson is identified in five decay modes (p _ v^VT,e _ V e VT,?i :_ V T ,7i: _ 7i: V T and n~n + n~v T ) which 
cover approximately 81% of all x decays. For all modes except n^n°V t , 71° candidates are also rejected on the signal 
side. Fig [6] shows the energy Eecl of photons, which are not associated with either B tag or the ^"-candidate from 
T~ — > n~n°V T Signal events should peak at low EeclXz. no photon energy, while background events show higher 
values from Eecl due to additional neutral clusters. We find 17.2^'2 signal events from a fit to a sample of 54 events, 
which means 3.5 a significance including systematics. Our preliminary value of the branching fraction is : 
Br( B xv x) = lJ9^ ll( S tat)t° il(syst) 

Using the equation Br( B -> TV T ) = ^^(1 - 4) 2 f%\V ub \ 2 X B 

m B 

we get /b|V u &| = (10.1^\ ^(stat)^\ \(syst))xlQ~ 4 GeV. Using the most recent HFAG [6] value from semileptonic 
decays for V M & = (4.39 ± 0.33))xl0~ 3 we can measure the structure constant fg = 229^lf(stat)^^(syst) MeV This is 
in full agreement with a recent unquenched lattice calculation with fg = 216 ± 22 MeV and thus the HFAG value for 
V u b is confirmed by this measurement. 



TABLE 1. Constraints on the angles of Unitary 
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FIGURE 6. BELLE: Distribution of the energy in the Electromagnetic Calorimeter {Eecl) after all selection cuts: The solid 
curve shows the result of the fit with the sum of the signal shape (dashed) and the background shape (dotted) 



6. SUMMARY 

Both experiments BELLE and BABAR have shown that the CKM-ansatz works extremely well for tree processes, and 
that this fact can be used as an "anchor point" for New Physics. Even contributions from penguin processes show no 
statistically significant deviation up to now, and this can be seen both in angles and side lengts of the unitarity triangle. 
To pin down effects from NP, statistics of the relevant processes should be increased considerably. 
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